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Figure 2: Event Tree for Human Errors blocking in b oth filters with cryogen - trapped V release

need to perform task 0.00019504 0.99 select correct 1st block v 0.00009801 0.99 close 1st block v 0.000099 0.99 wait warmup 0 0.99 check T 0 1 no release 0

0.01 fail check T 0 0.99 close 2nd block v 0 1 no release 0

0.01 fail close 2nd block v 0 1 no release 0

0.01 fail wait warmup 0.0099 0.99 check T 0 1 error detected - no rel. 0

0.01 fail check T 0.99 0.99 close 2nd block v 1 1 trapped vol. release 1

0.01 fail close 2nd block v 0 1 no release 0

0.01 fail close 1st block v 0 0.99 wait warmup 0 0.99 check T 0 1 prob. detected - no rel. 0

0.01 misread T 0 0.99 close 2nd block v 0 1 no release 0

0.01 fail close 2nd block v 0 1 no release 0

0.01 fail wait warmup 0 0.99 check T 0 1 prob. detected - no rel. 0

0.01 fail check T 0 0.99 close 2nd block v 0 1 no release 0

0.01 fail close 2nd block v 0 1 no release 0

0.01 select wrong block v 0.009801 0.99 close 2nd block v 0.0099 0.99 wait warmup 0.0099 0.99 check T 0 1 prob. detected - no rel. 0

0.01 fail check T 0.99 0.99 close 1st block v 1 1 trapped vol. release 1

0.01 fail close 1st block v 0 1 no release 0

0.01 fail wait wamup 0.0099 0.99 check T 0 1 prob. detected - no rel. 0

0.01 fail check T 0.99 0.99 close 1st block v 1 1 trapped filters release 1

0.01 fail close 1st block v 0 1 no release 0
demand

from above every 0.01 fail clost 2nd block v 0 0.99 wait warmup 0 0.99 check T 0 1 prob. detected - no rel. 0

����������	
��
���


������� ��������
������
��
���

����

����������	
����

��
���
�����
����

�����
��
����

�������
��
� ����
��

������
�
�������


��

��
�����
�
���
��


���� �����	
��
����
��������
��
�
�������	
������
�����

��
�

���

from above every 0.01 fail clost 2nd block v 0 0.99 wait warmup 0 0.99 check T 0 1 prob. detected - no rel. 0

1.95E-04 30 = 2.71E-07 1/hr
per demand days 0.01 fail check T 0 0.99 close 1st block v 0 1 no release 0

0.01 fail close 1st block v 0 1 no release 0

0.01 fail wait warmup 0 0.99 check T 0 1 prob, detected - no rel. 0

0.01 fail check T 0 0.99 close 1st block v 0 1 no release 0

0.01 fail close 1st block v 0 1 no release 0
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People Space: 60,249 cu. ft. (based on 6ft height for people space)
ODH Exhaust Fan1:  3,000 cu. ft./min
ODH Exhaust Fan2:  3,000 cu. ft./min fan2 capacity must be same as fan1 for table to be correct
ODH Exhaust Total: 6,000 cu. ft./min HVAC Ventilation 0 cu. ft./min

Total Exhaust Affecting ODH 6,000 (vent. + ODH exhaust) rev. 12/05/12
Prob. 100% ventilation:   0.999843 /hr probability of 100% ventilation is calculated as 1 - P.50% - P.0%
Prob. 50% ventilation:   2.20E-05 /hr Prob. of 50% ventilation is 1 fan failed (fans have the same capacity)

Prob. 0% (no) ventilation:   1.35E-04 /hr Prob. of 0% ventilation is 2 (both) fans failed.

Failure 
Type

(B)

# 
of

(C)

Individual 
Failure 

Rate (/hr)

(D)

S
O

U
R

C
E Total 

Failure 
Rate for 

Item
(F)

Avail. 
Cryogen 
volume 

(CF)
(G)

Leak 
into 

people 
space 
(CFM)

(H)

Vent 
Failure 
0=fail 0 
1=fail 1 
2=fail 2

(I)

Q

(J)

time to 
empty 
(min)

(K)

C(O2) at 
empty 
R>0, 
Q>R
(L)

C(O2) at 
empty 
Q<R or 

Q=0
(M)

infinite 
supply 

C(O2) at 
infinity

(N)

C(O2) at 
infinity or 
C(O2) at 
empty

(O)

Fatality 
Factor

(P)

PC4 
Fatality 

Rate

(Q)

ODH 
CLASS

(R)

Time to 
reach 
ODH 
(hrs)

(S) Notes

EQUIPMENT
35t Cryostat  w/ 100% vent.

metal membrane
internal

leak 1 1.18E-08 E 1.18E-08 847000 55 0 6000 15456 20.81% - 20.81% 20.81% 0 0 0 - taken as 2 x max boilup 0.0%

metal membrane
external

leak 1 7.99E-10 E 7.99E-10 847000 2597 0 6000 326 11.91% - 11.91% 11.91% 4.30E-3 3.43E-12 0 0.3 1mm x 0.33m membrane crack 0.0%

hatch leak 1 1.18E-08 E 1.18E-08 847000 27 0 6000 30912 20.90% - 20.90% 20.90% 0 0 0 - limited by max boilup rate 0.0%

relief valve - relief event error 1 0.00E+00 A 0.00E+00 847000 0 0 6000 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

relief valve - relief event
premature

open 1 0.00E+00 0.00E+00 847000 0 0 6000 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

relief valve leak 1 1.00E+00 A 1.00E+00 847000 0 0 6000 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

conflat leak 20 4.00E-07 B 8.00E-06 847000 4 0 6000 211750 20.99% - 20.99% 20.99% 0 0 0 - feedthru flanges 0.0%

conflat break 20 1.00E-09 B 2.00E-08 847000 27 0 6000 30912 20.90% - 20.90% 20.90% 0 0 0 - limited by max boilup (2 kW) 0.0%

0.0%

35t Cryostat  w/ 50% vent. 0.0%

metal membrane internal� leak 1 1.18E-08 E 1.18E-08 847000 55 1 3000 15456 20.62% - 20.62% 20.62% 0 0 0 - taken as 2 x max boilup 0.0%

metal membrane external� leak 1 7.99E-10 E 7.99E-10 847000 2597 1 3000 326 2.82% - 2.82% 2.82% 1.0 1.76E-14 0 0.2 1mm x 0.33m membrane crack 0.0%

hatch leak 1 1.18E-08 E 1.18E-08 847000 27 1 3000 30912 20.81% - 20.81% 20.81% 0 0 0 - limited by max boilup rate 0.0%

relief valve - relief event error 1 0.00E+00 A 0.00E+00 847000 0 1 3000 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

relief valve - relief event
premature

open 1 0.00E+00 0.00E+00 847000 0 1 3000 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

relief valve leak 1 1.00E+00 A 1.00E+00 847000 0 1 3000 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

conflat leak 20 4.00E-07 B 8.00E-06 847000 4 1 3000 211750 20.97% - 20.97% 20.97% 0 0 0 - feedthru flanges 0.0%

conflat break 20 1.00E-09 B 2.00E-08 847000 27 1 3000 30912 20.81% - 20.81% 20.81% 0 0 0 - limited by max boilup (2 kW) 0.0%

0.0%

35t Cryostat  w/  0% vent. 0.0%

metal membrane internal� leak 1 1.18E-08 E 1.18E-08 847000 55 2 0 15456 - 0.00% 0.00% 0.00% 1.0 1.59E-12 0 2.8 taken as 2 x max boilup 0.0%

metal membrane external� leak 1 7.99E-10 E 7.99E-10 847000 2597 2 0 326 - 0.00% 0.00% 0.00% 1.0 1.08E-13 0 0.1 1mm x 0.33m membrane crack 0.0%

hatch leak 1 1.18E-08 E 1.18E-08 847000 27 2 0 30912 - 0.00% 0.00% 0.00% 1.0 1.59E-12 0 5.6 limited by max boilup rate 0.0%

relief valve - relief event error 1 0.00E+00 A 0.00E+00 847000 0 2 0 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

relief valve - relief event
premature

open 1 0.00E+00 0.00E+00 847000 0 2 0 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

TABLE 1:    35 ton Cryostat in PC4, Oxygen Deficien cy Hazard Assessment



TABLE 1: 35 ton Cryostat in PC4 12/5/2012

Failure 
Type

(B)

# 
of

(C)

Individual 
Failure 

Rate (/hr)

(D)
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(F)
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volume 
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(G)
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0=fail 0 
1=fail 1 
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Q

(J)
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empty 
(min)

(K)

C(O2) at 
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R>0, 
Q>R
(L)

C(O2) at 
empty 
Q<R or 

Q=0
(M)

infinite 
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C(O2) at 
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(N)

C(O2) at 
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(O)

Fatality 
Factor

(P)

PC4 
Fatality 
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(Q)
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(R)

Time to 
reach 
ODH 
(hrs)

(S) Notes

relief valve leak 1 1.00E+00 A 1.00E+00 847000 0 2 0 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

conflat leak 20 4.00E-07 B 8.00E-06 847000 4 2 0 211750 - 0.00% 0.00% 0.00% 1.0 1.08E-9 0 38.7 feedthru flanges 4.2%

conflat break 20 1.00E-09 B 2.00E-08 847000 27 2 0 30912 - 0.00% 0.00% 0.00% 1.0 2.70E-12 0 5.6 limited by max boilup (2 kW) 0.0%

0.0%

LAPD Tank  w/ 100% vent.
Tank leak 1 8.00E-08 A 8.00E-08 645000 84 0 6000 7679 20.71% - 20.71% 20.71% 0 0 0 - small leak 0.0%

Tank failure 1 5.00E-09 A 5.00E-09 645000 18103 0 6000 36 - 0.00% 0.00% 0.00% 1.0 5.00E-9 0 0.0 catastrophic failure 19.5%

relief valve - relief event error 1 0.00E+00 A 0.00E+00 645000 0 0 6000 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

relief valve - relief event
premature

open 1 0.00E+00 0.00E+00 645000 0 0 6000 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

relief valve leak 1 1.00E+00 A 1.00E+00 645000 0 0 6000 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

conflat leak 30 3.00E-07 B 9.00E-06 645000 4 0 6000 161250 20.99% - 20.99% 20.99% 0 0 0 -  0.0%

conflat break 30 7.50E-10 B 2.25E-08 645000 19 0 6000 34309 20.93% - 20.93% 20.93% 0 0 0 - limited by max boil-up (2.4 kW) 0.0%

side manway leak 1 4.00E-07 B 4.00E-07 645000 84 0 6000 7679 20.71% - 20.71% 20.71% 0 0 0 - 0.0%

top manway leak 1 4.00E-07 B 4.00E-07 645000 19 0 6000 34309 20.93% - 20.93% 20.93% 0 0 0 - limited by boil-up 0.0%

0.0%

LAPD Tank  w/ 50% vent. 0.0%

Tank leak 1 8.00E-08 A 8.00E-08 645000 84 1 3000 7679 20.41% - 20.41% 20.41% 0 0 0 - small leak 0.0%

Tank failure 1 5.00E-09 A 5.00E-09 645000 18103 1 3000 36 - 0.00% 0.00% 0.00% 1.0 1.10E-13 0 0.0 catastrophic failure 0.0%

relief valve - relief event error 1 0.00E+00 A 0.00E+00 645000 0 1 3000 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

relief valve - relief event
premature

open 1 0.00E+00 0.00E+00 645000 0 1 3000 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

relief valve leak 1 1.00E+00 A 1.00E+00 645000 0 1 3000 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

conflat leak 30 3.00E-07 B 9.00E-06 645000 4 1 3000 161250 20.97% - 20.97% 20.97% 0 0 0 -  

conflat break 30 7.50E-10 B 2.25E-08 645000 19 1 3000 34309 20.87% - 20.87% 20.87% 0 0 0 - limited by max boil-up (2.4 kW)
side manway leak 1 4.00E-07 B 4.00E-07 645000 84 1 3000 7679 20.41% - 20.41% 20.41% 0 0 0 - 0.0%

top manway leak 1 4.00E-07 B 4.00E-07 645000 19 1 3000 34309 20.87% - 20.87% 20.87% 0 0 0 - limited by boil-up 0.0%

0.0%

LAPD Tank  w/  0% vent. 0.0%

Tank leak 1 8.00E-08 A 8.00E-08 645000 84 2 0 7679 - 0.00% 0.00% 0.00% 1.0 1.08E-11 0 1.8 small leak 0.0%

Tank failure 1 5.00E-09 A 5.00E-09 645000 18103 2 0 36 - 0.00% 0.00% 0.00% 1.0 6.75E-13 0 0.0 catastrophic failure 0.0%

relief valve - relief event error 1 0.00E+00 A 0.00E+00 645000 0 2 0 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

relief valve - relief event
premature

open 1 0.00E+00 0.00E+00 645000 0 2 0 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

relief valve leak 1 1.00E+00 A 1.00E+00 645000 0 2 0 - - 21.00% 21.00% 0 0 0 - vents outside 0.0%

conflat leak 30 3.00E-07 B 9.00E-06 645000 4 2 0 161250 - 0.00% 0.00% 0.00% 1.0 1.22E-9 0 2321.9  

conflat break 30 7.50E-10 B 2.25E-08 645000 19 2 0 34309 - 0.00% 0.00% 0.00% 1.0 3.04E-12 0 494.0 limited by max boil-up (2.4 kW)
side manway leak 1 4.00E-07 B 4.00E-07 645000 84 2 0 7679 - 0.00% 0.00% 0.00% 1.0 5.40E-11 0 1.8 0.2%

top manway leak 1 4.00E-07 B 4.00E-07 645000 19 2 0 34309 - 0.00% 0.00% 0.00% 1.0 5.40E-11 0 8.2 limited by boil-up 0.2%

0.0%

35t Condenser w/ 100% vent. 0.0%

VESSEL leak 1 8.00E-08 A 8.00E-08 847000 27 0 6000 30912 20.90% - 20.90% 20.90% 0 0 0 - limited by boil-up rate 0.0%
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TABLE 1: 35 ton Cryostat in PC4 12/5/2012
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ODH 
(hrs)
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VESSEL failure 1 5.00E-09 A 5.00E-09 847000 27 0 6000 30912 20.90% - 20.90% 20.90% 0 0 0 -
small LAr inventory / release 
limited by boil-up from main tank 0.0%

relief valve - relief event error 1 2.71E-07 A 2.71E-07 2000 300 0 6000 7 20.49% - 19.95% 20.49% 0 0 0 - human error - blocks in cond. 0.0%

relief valve - relief event
premature

open 1 0.00E+00 0.00E+00 847000 0 0 6000 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

relief valve leak 1 1.00E+00 1.00E+00 0 0 6000 - - 21.00% 21.00% 0 0 0 - meets API-527, leak <0.001 cfm 0.0%

0.0%

35t Condenser w/ 50% vent. 0.0%

VESSEL leak 1 8.00E-08 A 8.00E-08 847000 27 1 3000 30912 20.81% - 20.81% 20.81% 0 0 0 - limited by boil-up rate 0.0%

VESSEL failure 1 5.00E-09 A 5.00E-09 847000 27 1 3000 30912 20.81% - 20.81% 20.81% 0 0 0 -
small LAr inventory / release 
limited by boil-up from main tank 0.0%

relief valve - relief event error 1 2.71E-07 A 2.71E-07 2000 300 1 3000 7 20.41% - 18.90% 20.41% 0 0 0 - human error - blocks in cond. 0.0%

relief valve - relief event
premature

open 1 0.00E+00 0.00E+00 847000 0 1 3000 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

relief valve leak 1 1.00E+00 1.00E+00 0 0 1 3000 - - 21.00% 21.00% 0 0 0 - meets API-527, leak <0.001 cfm 0.0%

0.0%

35t Condenser w/  0% vent. 0.0%

VESSEL leak 1 8.00E-08 A 8.00E-08 847000 27 2 0 30912 - 0.00% 0.00% 0.00% 1.0 1.08E-11 0 5.6 limited by boil-up rate 0.0%

VESSEL failure 1 5.00E-09 A 5.00E-09 847000 27 2 0 30912 - 0.00% 0.00% 0.00% 1.0 6.75E-13 0 5.6
small LAr inventory / release 
limited by boil-up from main tank 0.0%

relief valve - relief event error 1 2.71E-07 A 2.71E-07 2000 300 2 0 7 - 20.31% 0.00% 20.31% 0 0 0 - human error - blocks in cond. 0.0%

relief valve - relief event
premature

open 1 0.00E+00 0.00E+00 847000 0 2 0 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

relief valve leak 1 1.00E+00 1.00E+00 0 0 2 0 - - 21.00% 21.00% 0 0 0 - meets API-527, leak <0.001 cfm 0.0%
0 0.0%

LAPD Condenser w/ 100% vent. 0.0%

VESSEL leak 1 8.00E-08 A 8.00E-08 645000 19 0 6000 34309 20.93% - 20.93% 20.93% 0 0 0 - limited by boil-up rate 0.0%

VESSEL failure 1 5.00E-09 A 5.00E-09 645000 19 0 6000 34309 20.93% - 20.93% 20.93% 0 0 0 -
small LAr inventory / release 
limited by boil-up from main tank 0.0%

relief valve - relief event error 1 2.71E-07 A 2.71E-07 2000 300 0 6000 7 20.49% - 19.95% 20.49% 0 0 0 - human error - blocks in cond. 0.0%

relief valve - relief event
premature

open 1 0.00E+00 0.00E+00 645000 0 0 6000 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

relief valve leak 1 1.00E+00 1.00E+00 0 0 6000 - - 21.00% 21.00% 0 0 0 - meets API-527, leak <0.001 cfm 0.0%

0.0%

LAPD Condenser w/ 50% vent 0.0%

VESSEL leak 1 8.00E-08 A 8.00E-08 645000 19 1 3000 34309 20.87% - 20.87% 20.87% 0 0 0 - limited by boil-up rate 0.0%

VESSEL failure 1 5.00E-09 A 5.00E-09 645000 19 1 3000 34309 20.87% - 20.87% 20.87% 0 0 0 -
small LAr inventory / release 
limited by boil-up from main tank 0.0%
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relief valve - relief event error 1 2.71E-07 A 2.71E-07 2000 300 1 3000 7 20.41% - 18.90% 20.41% 0 0 0 - human error - blocks in cond. 0.0%

relief valve - relief event
premature

open 1 0.00E+00 0.00E+00 645000 0 1 3000 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

relief valve leak 1 1.00E+00 1.00E+00 0 0 1 3000 - - 21.00% 21.00% 0 0 0 - meets API-527, leak <0.001 cfm 0.0%

0.0%

LAPD Condenser w/  0% vent. 0.0%

VESSEL leak 1 8.00E-08 A 8.00E-08 645000 19 2 0 34309 - 0.00% 0.00% 0.00% 1.0 1.08E-11 0 8.2 limited by boil-up rate 0.0%

VESSEL failure 1 5.00E-09 A 5.00E-09 645000 19 2 0 34309 - 0.00% 0.00% 0.00% 1.0 6.75E-13 0 8.2
small LAr inventory / release 
limited by boil-up from main tank 0.0%

relief valve - relief event error 1 2.71E-07 A 2.71E-07 2000 300 2 0 7 - 20.31% 0.00% 20.31% 0 0 0 - human error - blocks in cond. 0.0%

relief valve - relief event
premature

open 1 0.00E+00 0.00E+00 645000 0 2 0 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

relief valve leak 1 1.00E+00 1.00E+00 0 0 2 0 - - 21.00% 21.00% 0 0 0 - meets API-527, leak <0.001 cfm 0.0%
0 0.0%

N2 Phase Sep. (35t & LAPD)  w/ 100% vent. 0.0%

VESSEL leak 2 8.00E-08 A 1.60E-07 346000 246 0 6000 1407 20.14% - 20.14% 20.14% 0 0 0 - small leak 0.0%

VESSEL failure 2 5.00E-09 A 1.00E-08 346000 2517 0 6000 137 12.19% - 12.19% 12.19% 2.63E-3 2.63E-11 0 0.4 pipe limited, trailer to p.sep. 0.1%

relief valve - relief event error 2 2.71E-07 A 5.42E-07 2000 300 0 6000 7 20.49% - 19.95% 20.49% 0 0 0 - human error - blocks in sep. 0.0%

relief valve - relief event
premature

open 2 0.00E+00 0.00E+00 346000 0 0 6000 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

relief valve leak 2 1.00E-05 A 2.00E-05 346000 0 0 6000 - - 21.00% 21.00% 0 0 0 - meets API-527, leak <0.001 cfm 0.0%

0.0%

N2 Phase Sep. (35t & LAPD) w/ 50% vent. 0.0%

VESSEL leak 2 8.00E-08 A 1.60E-07 346000 246 1 3000 1407 19.28% - 19.28% 19.28% 0 0 0 - small leak 0.0%

VESSEL failure 2 5.00E-09 A 1.00E-08 346000 2517 1 3000 137 3.40% - 3.38% 3.40% 1.0 2.20E-13 0 0.2 pipe limited, trailer to p.sep. 0.0%

relief valve - relief event error 2 2.71E-07 A 5.42E-07 3000 300 1 3000 10 20.18% - 18.90% 20.18% 0 0 0 - human error - blocks in sep. 0.0%

relief valve - relief event
premature

open 2 0.00E+00 0.00E+00 346000 0 1 3000 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

relief valve leak 2 1.00E-05 A 2.00E-05 346000 0 1 3000 - - 21.00% 21.00% 0 0 0 - meets API-527, leak <0.001 cfm 0.0%

0.0%

N2 Phase Sep. (35t & LAPD) w/  0% vent. 0.0%

VESSEL leak 2 8.00E-08 A 1.60E-07 346000 246 2 0 1407 - 0.07% 0.00% 0.07% 1.0 2.16E-11 0 0.6 small leak 0.1%

VESSEL failure 2 5.00E-09 A 1.00E-08 346000 2517 2 0 137 - 0.07% 0.00% 0.07% 1.0 1.35E-12 0 0.1 pipe limited, trailer to p.sep. 0.0%

relief valve - relief event error 2 2.71E-07 A 5.42E-07 3000 300 2 0 10 - 19.98% 0.00% 19.98% 0 0 0 - human error - blocks in sep. 0.0%

relief valve - relief event
premature

open 2 0.00E+00 0.00E+00 346000 0 2 0 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

relief valve leak 2 1.00E-05 A 2.00E-05 346000 0 2 0 - - 21.00% 21.00% 0 0 0 - meets API-527, leak <0.001 cfm 0.0%

0 0.0%

35t Argon Pump w/ 100% vent. 0.0%

VESSEL leak 1 8.00E-08 A 8.00E-08 0 0 6000 - - 21.00% 21.00% 0 0 0 - cotained by 35t cryostat 0.0%
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VESSEL failure 1 5.00E-09 A 5.00E-09 0 0 6000 - - 21.00% 21.00% 0 0 0 - cotained by 35t cryostat 0.0%

0.0%

35t Argon Pump w/ 50% 
vent 0.0%

VESSEL leak 1 8.00E-08 A 8.00E-08 0 1 3000 - - 21.00% 21.00% 0 0 0 - cotained by 35t cryostat 0.0%

VESSEL failure 1 5.00E-09 A 5.00E-09 0 1 3000 - - 21.00% 21.00% 0 0 0 - cotained by 35t cryostat 0.0%

0.0%

35t Argon Pump w/  0% vent. 0.0%

VESSEL leak 1 8.00E-08 A 8.00E-08 0 2 0 - - 21.00% 21.00% 0 0 0 - cotained by 35t cryostat 0.0%

VESSEL failure 1 5.00E-09 A 5.00E-09 0 2 0 - - 21.00% 21.00% 0 0 0 - cotained by 35t cryostat 0.0%

0.0%

LAPD Argon Pump w/ 100% vent. 0.0%

VESSEL leak 1 8.00E-08 A 8.00E-08 645000 271 0 6000 2380 20.05% - 20.05% 20.05% 0 0 0 - small leak 0.0%

VESSEL failure 1 5.00E-09 A 5.00E-09 645000 1695 0 6000 381 15.07% - 15.07% 15.07% 1.70E-5 8.51E-14 0 0.5 limited by max LAPD pump rate 0.0%

0.0%

LAPD Argon Pump w/ 
50% vent 0.0%

VESSEL leak 1 8.00E-08 A 8.00E-08 645000 271 1 3000 2380 19.10% - 19.10% 19.10% 0 0 0 - small leak 0.0%

VESSEL failure 1 5.00E-09 A 5.00E-09 645000 1695 1 3000 381 9.14% - 9.14% 9.14% 0.56 6.12E-14 0 0.5 limited by max LAPD pump rate 0.0%

0.0%

LAPD Argon Pump w/  0% vent. 0.0%

VESSEL leak 1 8.00E-08 A 8.00E-08 645000 271 2 0 2380 - 0.00% 0.00% 0.00% 1.0 1.08E-11 0 0.6 small leak 0.0%

VESSEL failure 1 5.00E-09 A 5.00E-09 645000 1695 2 0 381 - 0.00% 0.00% 0.00% 1.0 6.75E-13 0 0.1 limited by max LAPD pump rate 0.0%

0.0%

Filter Vessels w/ 100% vent. 0.0%

VESSEL leak 2 8.00E-08 A 1.60E-07 645000 271 0 6000 2380 20.05% - 20.05% 20.05% 0 0 0 - small leak 0.0%

VESSEL failure 2 5.00E-09 A 1.00E-08 645000 3170 0 6000 203 9.91% - 9.91% 9.91% 0.14 1.44E-9 0 0.3 max credible flow into filter 5.6%

VENT VALVE error 2 0.00E+00 A 0.00E+00 645000 0 0 6000 - - 21.00% 21.00% 0 0 0 - human error - vents outside 0.0%

relief valve - 2 filter relief event error 1 2.71E-07 A 2.71E-07 2300 300 0 6000 8 20.44% - 19.95% 20.44% 0 0 0 - human error - blocks in filter 0.0%

relief valve - relief event
premature

open 2 0.00E+00 0.00E+00 645000 0 0 6000 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

relief valve leak 2 1.00E-05 A 2.00E-05 645000 0 0 6000 - - 21.00% 21.00% 0 0 0 - meets API-527, leak <0.001 cfm 0.0%

0.0%

Filter Vessels w/ 50% vent 0.0%

VESSEL leak 2 8.00E-08 A 1.60E-07 645000 271 1 3000 2380 19.10% - 19.10% 19.10% 0 0 0 - small leak 0.0%

VESSEL failure 2 5.00E-09 A 1.00E-08 645000 3170 1 3000 203 - 0.00% 0.00% 0.00% 1.0 2.20E-13 0 0.0 max credible flow into filter 0.0%

VENT VALVE error 2 0.00E+00 A 0.00E+00 645000 0 1 3000 - - 21.00% 21.00% 0 0 0 - human error - vents outside 0.0%

relief valve - 2 filter relief event error 1 2.71E-07 A 2.71E-07 2300 300 1 3000 8 20.33% - 18.90% 20.33% 0 0 0 - human error - blocks in filter 0.0%

relief valve - relief event
premature

open 2 0.00E+00 0.00E+00 645000 0 1 3000 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%
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relief valve leak 2 1.00E-05 A 2.00E-05 645000 0 1 3000 - - 21.00% 21.00% 0 0 0 - meets API-527, leak <0.001 cfm 0.0%

0.0%

Filter Vessels w/  0% vent. 0.0%

VESSEL leak 2 8.00E-08 A 1.60E-07 645000 271 2 0 2380 - 0.00% 0.00% 0.00% 1.0 2.16E-11 0 0.6 small leak 0.1%

VESSEL failure 2 5.00E-09 A 1.00E-08 645000 3170 2 0 203 - 0.00% 0.00% 0.00% 1.0 1.35E-12 0 0.0 max credible flow into filter 0.0%

VENT VALVE error 2 0.00E+00 A 0.00E+00 645000 0 2 0 - - 21.00% 21.00% 0 0 0 - human error - vents outside 0.0%

relief valve - 2 filter relief event error 1 2.71E-07 A 2.71E-07 2300 300 2 0 8 - 20.21% 0.00% 20.21% 0 0 0 - human error - blocks in filter 0.0%

relief valve - relief event
premature

open 2 0.00E+00 0.00E+00 645000 0 2 0 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

relief valve leak 2 1.00E-05 A 2.00E-05 645000 0 2 0 - - 21.00% 21.00% 0 0 0 - meets API-527, leak <0.001 cfm 0.0%

0.0%

Purity Monitor w/ 100% vent. 0.0%

VESSEL leak 1 8.00E-08 A 8.00E-08 645000 271 0 6000 2380 20.05% - 20.05% 20.05% 0 0 0 - small leak 0.0%

VESSEL failure 1 5.00E-09 A 5.00E-09 645000 3170 0 6000 203 9.91% - 9.91% 9.91% 0.14 7.21E-10 0 0.3 max credible flow into monitor 2.8%

VENT VALVE error 1 0.00E+00 A 0.00E+00 645000 0 0 6000 - - 21.00% 21.00% 0 0 0 - human error - vents outside 0.0%

relief valve - relief event error 1 2.71E-07 A 2.71E-07 2300 300 0 6000 8 20.44% - 19.95% 20.44% 0 0 0 - human error - blocks in filter 0.0%

relief valve - relief event
premature

open 1 0.00E+00 0.00E+00 645000 0 0 6000 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

relief valve leak 1 1.00E-05 A 1.00E-05 645000 0 0 6000 - - 21.00% 21.00% 0 0 0 - meets API-527, leak <0.001 cfm 0.0%

0.0%

Purity Monitor w/ 50% vent. 0.0%

VESSEL leak 1 8.00E-08 A 8.00E-08 645000 271 1 3000 2380 19.10% - 19.10% 19.10% 0 0 0 - small leak 0.0%

VESSEL failure 1 5.00E-09 A 5.00E-09 645000 3170 1 3000 203 - 0.00% 0.00% 0.00% 1.0 1.10E-13 0 0.0 max credible flow into monitor 0.0%

VENT VALVE error 1 0.00E+00 A 0.00E+00 645000 0 1 3000 - - 21.00% 21.00% 0 0 0 - human error - vents outside 0.0%

relief valve - relief event error 1 2.71E-07 A 2.71E-07 2300 300 1 3000 8 20.33% - 18.90% 20.33% 0 0 0 - human error - blocks in filter 0.0%

relief valve - relief event
premature

open 1 0.00E+00 0.00E+00 645000 0 1 3000 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

relief valve leak 1 1.00E-05 A 1.00E-05 645000 0 1 3000 - - 21.00% 21.00% 0 0 0 - meets API-527, leak <0.001 cfm 0.0%

0.0%

Purity Monitor w/  0% vent. 0.0%

VESSEL leak 1 8.00E-08 A 8.00E-08 645000 271 2 0 2380 - 0.00% 0.00% 0.00% 1.0 1.08E-11 0 0.6 small leak 0.0%

VESSEL failure 1 5.00E-09 A 5.00E-09 645000 3170 2 0 203 - 0.00% 0.00% 0.00% 1.0 6.75E-13 0 0.0 max credible flow into monitor 0.0%

VENT VALVE error 1 0.00E+00 A 0.00E+00 645000 0 2 0 - - 21.00% 21.00% 0 0 0 - human error - vents outside 0.0%

relief valve - relief event error 1 2.71E-07 A 2.71E-07 2300 300 2 0 8 - 20.21% 0.00% 20.21% 0 0 0 - human error - blocks in filter 0.0%

relief valve - relief event
premature

open 1 0.00E+00 0.00E+00 645000 0 2 0 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

relief valve leak 1 1.00E-05 A 1.00E-05 645000 0 2 0 - - 21.00% 21.00% 0 0 0 - meets API-527, leak <0.001 cfm 0.0%

0.0%

PIPING 0.0%
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N2 Supply w/ 100% vent. 0.0%

PIPES < 2" leak, small 100 3.05E-10 B 3.05E-08 346000 246 0 6000 1407 20.14% - 20.14% 20.14% 0 0 0 - 0.0%

PIPES < 2" leak, large 100 3.05E-11 B 3.05E-09 346000 3540 0 6000 98 8.61% - 8.61% 8.61% 1.0 3.05E-9 0 0.2 max credible flow 11.9%

PIPES < 2" break 100 9.14E-12 B 9.14E-10 346000 3540 0 6000 98 8.61% - 8.61% 8.61% 1.0 9.14E-10 0 0.2 max credible flow 3.6%

Flanges leak 4 4.00E-07 B 1.60E-06 346000 246 0 6000 1407 20.14% - 20.14% 20.14% 0 0 0 - 0.0%

Flanges break 4 1.00E-09 B 4.00E-09 346000 3540 0 6000 98 8.61% - 8.61% 8.61% 1.0 4.00E-9 0 0.2 max credible flow 15.6%

VALVE leak 4 1.00E-08 A 4.00E-08 346000 246 0 6000 1407 20.14% - 20.14% 20.14% 0 0 0 - 0.0%

vent valve error 1 2.76E-09 A 2.76E-09 346000 1000 0 6000 346 17.50% - 17.50% 17.50% 2.40E-7 6.63E-16 0 0.9 human error - per HRA 0.0%

Trapped V reliefs - relief event error 12 1.25E-05 A 1.50E-04 1000 10 0 6000 100 20.97% - 20.97% 20.97% 0 0 0 - human err - creates trapped V 0.0%

Trapped V reliefs - relief event
premature

open 12 0.00E+00 H 0.00E+00 346000 0 0 6000 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

Trapped V reliefs leak 12 1.00E+00 A 1.20E+01 346000 0 0 6000 - - 21.00% 21.00% 0 0 0 - circleseal leak=0 below reseal P 0.0%

0.0%

N2 Supply w/ 50% vent. 0.0%

PIPES < 2" leak, small 100 3.05E-10 B 3.05E-08 346000 246 1 3000 1407 19.28% - 19.28% 19.28% 0 0 0 - 0.0%

PIPES < 2" leak, large 100 3.05E-11 B 3.05E-09 346000 3540 1 3000 98 - 0.07% 0.00% 0.07% 1.0 6.71E-14 0 0.0 max credible flow 0.0%

PIPES < 2" break 100 9.14E-12 B 9.14E-10 346000 3540 1 3000 98 - 0.07% 0.00% 0.07% 1.0 2.01E-14 0 0.0 max credible flow 0.0%

Flanges leak 4 4.00E-07 B 1.60E-06 346000 246 1 3000 1407 19.28% - 19.28% 19.28% 0 0 0 - 0.0%

Flanges break 4 1.00E-09 B 4.00E-09 346000 3540 1 3000 98 - 0.07% 0.00% 0.07% 1.0 8.80E-14 0 0.0 max credible flow 0.0%

VALVE leak 4 1.00E-08 A 4.00E-08 346000 246 1 3000 1407 19.28% - 19.28% 19.28% 0 0 0 - 0.0%

vent valve error 1 2.76E-09 A 2.76E-09 346000 1000 1 3000 346 14.00% - 14.00% 14.00% 1.11E-4 6.71E-18 0 0.9 human error - per HRA 0.0%

Trapped V reliefs - relief event error 12 1.25E-05 A 1.50E-04 1000 10 1 3000 100 20.93% - 20.93% 20.93% 0 0 0 - human err - creates trapped V 0.0%

Trapped V reliefs - relief event
premature

open 12 0.00E+00 H 0.00E+00 346000 0 1 3000 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

Trapped V reliefs leak 12 1.00E+00 A 1.20E+01 346000 0 1 3000 - - 21.00% 21.00% 0 0 0 - circleseal leak=0 below reseal P 0.0%

0.0%

N2 Supply w/  0% vent. 0.0%

PIPES < 2" leak, small 100 3.05E-10 B 3.05E-08 346000 246 2 0 1407 - 0.07% 0.00% 0.07% 1.0 4.12E-12 0 0.6 0.0%

PIPES < 2" leak, large 100 3.05E-11 B 3.05E-09 346000 3540 2 0 98 - 0.07% 0.00% 0.07% 1.0 4.12E-13 0 0.0 max credible flow 0.0%

PIPES < 2" break 100 9.14E-12 B 9.14E-10 346000 3540 2 0 98 - 0.07% 0.00% 0.07% 1.0 1.23E-13 0 0.0 max credible flow 0.0%

Flanges leak 4 4.00E-07 B 1.60E-06 346000 246 2 0 1407 - 0.07% 0.00% 0.07% 1.0 2.16E-10 0 0.6 0.8%

Flanges break 4 1.00E-09 B 4.00E-09 346000 3540 2 0 98 - 0.07% 0.00% 0.07% 1.0 5.40E-13 0 0.0 max credible flow 0.0%

VALVE leak 4 1.00E-08 A 4.00E-08 346000 246 2 0 1407 - 0.07% 0.00% 0.07% 1.0 5.40E-12 0 0.6 0.0%

vent valve error 1 2.76E-09 A 2.76E-09 346000 1000 2 0 346 - 0.07% 0.00% 0.07% 1.0 3.73E-13 0 0.2 human error - per HRA 0.0%

Trapped V reliefs - relief event error 12 1.25E-05 A 1.50E-04 1000 10 2 0 100 - 20.65% 0.00% 20.65% 0 0 0 - human err - creates trapped V 0.0%

Trapped V reliefs - relief event
premature

open 12 0.00E+00 H 0.00E+00 346000 0 2 0 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

Trapped V reliefs leak 12 1.00E+00 A 1.20E+01 346000 0 2 0 - - 21.00% 21.00% 0 0 0 - circleseal leak=0 below reseal P 0.0%

0.0%

N2 vent gas w/ 100% vent. 0.0%

PIPES < 2" leak, small 100 3.05E-10 B 3.05E-08 346000 21 0 6000 16476 20.93% - 20.93% 20.93% 0 0 0 - 0.0%

PIPES < 2" leak, large 100 3.05E-11 B 3.05E-09 346000 1032 0 6000 335 17.39% - 17.39% 17.39% 2.92E-7 8.91E-16 0 0.9 0.0%

PIPES < 2" break 100 9.14E-12 B 9.14E-10 346000 1259 0 6000 275 16.59% - 16.59% 16.59% 1.18E-6 1.07E-15 0 0.7 0.0%

Flanges leak 1 4.00E-07 B 4.00E-07 346000 21 0 6000 16476 20.93% - 20.93% 20.93% 0 0 0 - 0.0%
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TABLE 1: 35 ton Cryostat in PC4 12/5/2012

Failure 
Type

(B)

# 
of

(C)

Individual 
Failure 

Rate (/hr)

(D)

S
O

U
R

C
E Total 
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Item
(F)
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Cryogen 
volume 

(CF)
(G)

Leak 
into 

people 
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(CFM)
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0=fail 0 
1=fail 1 
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(I)

Q

(J)
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Q>R
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C(O2) at 
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Q<R or 

Q=0
(M)
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(N)
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Fatality 
Factor

(P)
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(Q)
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Time to 
reach 
ODH 
(hrs)

(S) Notes

Flanges break 1 1.00E-09 B 1.00E-09 346000 723 0 6000 479 18.47% - 18.47% 18.47% 0 0 0 - 0.0%

VALVE leak 1 1.00E-08 A 1.00E-08 346000 21 0 6000 16476 20.93% - 20.93% 20.93% 0 0 0 - small leak 0.0%

0.0%

N2 vent gas w/ 50% vent 0.0%

PIPES < 2" leak, small 100 3.05E-10 B 3.05E-08 346000 21 1 3000 16476 20.85% - 20.85% 20.85% 0 0 0 - 0.0%

PIPES < 2" leak, large 100 3.05E-11 B 3.05E-09 346000 1032 1 3000 335 13.78% - 13.78% 13.78% 1.64E-4 1.10E-17 0 0.9 0.0%

PIPES < 2" break 100 9.14E-12 B 9.14E-10 346000 1259 1 3000 275 12.19% - 12.19% 12.19% 2.65E-3 5.32E-17 0 0.7 0.0%

Flanges leak 1 4.00E-07 B 4.00E-07 346000 21 1 3000 16476 20.85% - 20.85% 20.85% 0 0 0 - 0.0%

Flanges break 1 1.00E-09 B 1.00E-09 346000 723 1 3000 479 15.94% - 15.94% 15.94% 3.70E-6 8.14E-20 0 1.3 0.0%

VALVE leak 1 1.00E-08 A 1.00E-08 346000 21 1 3000 16476 20.85% - 20.85% 20.85% 0 0 0 - small leak 0.0%

0.0%

N2 vent gas w/  0% vent. 0.0%

PIPES < 2" leak, small 100 3.05E-10 B 3.05E-08 346000 21 2 0 16476 - 0.07% 0.00% 0.07% 1.0 4.12E-12 0 7.4 0.0%

PIPES < 2" leak, large 100 3.05E-11 B 3.05E-09 346000 1032 2 0 335 - 0.07% 0.00% 0.07% 1.0 4.12E-13 0 0.1 0.0%

PIPES < 2" break 100 9.14E-12 B 9.14E-10 346000 1259 2 0 275 - 0.07% 0.00% 0.07% 1.0 1.23E-13 0 0.1 0.0%

Flanges leak 1 4.00E-07 B 4.00E-07 346000 21 2 0 16476 - 0.07% 0.00% 0.07% 1.0 5.40E-11 0 7.4 0.2%

Flanges break 1 1.00E-09 B 1.00E-09 346000 723 2 0 479 - 0.07% 0.00% 0.07% 1.0 1.35E-13 0 0.2 0.0%

VALVE leak 1 1.00E-08 A 1.00E-08 346000 21 2 0 16476 - 0.07% 0.00% 0.07% 1.0 1.35E-12 0 7.4 small leak 0.0%

0.0%

Argon Loop w/ 100% vent. 0.0%

PIPES < 2" leak, small 500 3.05E-10 B 1.53E-07 645000 271 0 6000 2380 20.05% - 20.05% 20.05% 0 0 0 - 0.0%

PIPES < 2" leak, large 500 3.05E-11 B 1.53E-08 645000 3170 0 6000 203 9.91% - 9.91% 9.91% 0.14 2.20E-9 0 0.3 max credible, pres drop limited 8.6%

PIPES < 2" break 500 9.14E-12 B 4.57E-09 645000 3170 0 6000 203 9.91% - 9.91% 9.91% 0.14 6.59E-10 0 0.3 max credible, pres drop limited 2.6%

Flanges leak 24 4.00E-07 B 9.60E-06 645000 271 0 6000 2380 20.05% - 20.05% 20.05% 0 0 0 - 0.0%

Flanges break 24 1.00E-09 B 2.40E-08 645000 3170 0 6000 203 9.91% - 9.91% 9.91% 0.14 3.46E-9 0 0.3 max credible, pres drop limited 13.5%

VALVE leak 24 1.00E-08 A 2.40E-07 645000 271 0 6000 2380 20.05% - 20.05% 20.05% 0 0 0 - small leak 0.0%

Trapped V reliefs - relief event error 6 1.25E-05 A 7.50E-05 1000 10 0 6000 100 20.97% - 20.97% 20.97% 0 0 0 - human err - creates trapped V 0.0%

Trapped V reliefs - relief event
premature

open 6 0.00E+00 0.00E+00 645000 0 0 6000 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

Trapped V reliefs leak 6 1.00E-05 A 6.00E-05 645000 0 0 6000 - - 21.00% 21.00% 0 0 0 - circleseal leak=0 below reseal P 0.0%

0.0%

Argon Loop w/ 50% vent. 0.0%

PIPES < 2" leak, small 500 3.05E-10 B 1.53E-07 645000 271 1 3000 2380 19.10% - 19.10% 19.10% 0 0 0 - 0.0%

PIPES < 2" leak, large 500 3.05E-11 B 1.53E-08 645000 3170 1 3000 203 - 0.00% 0.00% 0.00% 1.0 3.36E-13 0 0.0 max credible, pres drop limited 0.0%

PIPES < 2" break 500 9.14E-12 B 4.57E-09 645000 3170 1 3000 203 - 0.00% 0.00% 0.00% 1.0 1.01E-13 0 0.0 max credible, pres drop limited 0.0%

Flanges leak 24 4.00E-07 B 9.60E-06 645000 271 1 3000 2380 19.10% - 19.10% 19.10% 0 0 0 - 0.0%

Flanges break 24 1.00E-09 B 2.40E-08 645000 3170 1 3000 203 - 0.00% 0.00% 0.00% 1.0 5.28E-13 0 0.0 max credible, pres drop limited 0.0%

VALVE leak 24 1.00E-08 A 2.40E-07 645000 271 1 3000 2380 19.10% - 19.10% 19.10% 0 0 0 - small leak 0.0%

Trapped V reliefs - relief event error 6 1.25E-05 A 7.50E-05 1000 10 1 3000 100 20.93% - 20.93% 20.93% 0 0 0 - human err - creates trapped V 0.0%

Trapped V reliefs - relief event
premature

open 6 0.00E+00 0.00E+00 645000 0 1 3000 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

Trapped V reliefs leak 6 1.00E-05 A 6.00E-05 645000 0 1 3000 - - 21.00% 21.00% 0 0 0 - circleseal leak=0 below reseal P 0.0%

0.0%

Argon Loop w/  0% vent. 0.0%
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TABLE 1: 35 ton Cryostat in PC4 12/5/2012
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Time to 
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(S) Notes

PIPES < 2" leak, small 500 3.05E-10 B 1.53E-07 645000 271 2 0 2380 - 0.00% 0.00% 0.00% 1.0 2.06E-11 0 0.6 0.1%

PIPES < 2" leak, large 500 3.05E-11 B 1.53E-08 645000 3170 2 0 203 - 0.00% 0.00% 0.00% 1.0 2.06E-12 0 0.0 max credible, pres drop limited 0.0%

PIPES < 2" break 500 9.14E-12 B 4.57E-09 645000 3170 2 0 203 - 0.00% 0.00% 0.00% 1.0 6.17E-13 0 0.0 max credible, pres drop limited 0.0%

Flanges leak 24 4.00E-07 B 9.60E-06 645000 271 2 0 2380 - 0.00% 0.00% 0.00% 1.0 1.30E-9 0 0.6 5.0%

Flanges break 24 1.00E-09 B 2.40E-08 645000 3170 2 0 203 - 0.00% 0.00% 0.00% 1.0 3.24E-12 0 0.0 max credible, pres drop limited 0.0%

VALVE leak 24 1.00E-08 A 2.40E-07 645000 271 2 0 2380 - 0.00% 0.00% 0.00% 1.0 3.24E-11 0 0.6 small leak 0.1%

Trapped V reliefs - relief event error 6 1.25E-05 A 7.50E-05 1000 10 2 0 100 - 20.65% 0.00% 20.65% 0 0 0 - human err - creates trapped V 0.0%

Trapped V reliefs - relief event
premature

open 6 0.00E+00 0.00E+00 645000 0 2 0 - - 21.00% 21.00% 0 0 0 -
operating press. < 80% of 
setpoint - no premature open 0.0%

Trapped V reliefs leak 6 1.00E-05 A 6.00E-05 645000 0 2 0 - - 21.00% 21.00% 0 0 0 - circleseal leak=0 below reseal P 0.0%

0.0%

Vent Pipes w/ 100% vent. 0.0%

PIPES, < 2" leak, small 200 3.05E-10 B 6.10E-08 645000 1 0 6000 645000 21.00% - 21.00% 21.00% 0 0 0 - listed as 1 cfm, actual 0.22 cfm 0.0%

PIPES, < 2" leak, large 200 3.05E-11 B 6.10E-09 645000 11 0 6000 58636 20.96% - 20.96% 20.96% 0 0 0 - limited by boil-up (35t) 0.0%

PIPES, < 2" break 200 9.14E-12 B 1.83E-09 645000 27 0 6000 23540 20.90% - 20.90% 20.90% 0 0 0 - limited by boil-up (35t) 0.0%

PIPES, > 2" leak, small 60 3.05E-10 B 1.83E-08 645000 1 0 6000 645000 21.00% - 21.00% 21.00% 0 0 0 - 0.0%

PIPES, > 2" leak, large 60 3.05E-11 B 1.83E-09 645000 27 0 6000 23540 20.90% - 20.90% 20.90% 0 0 0 - limited by boil-up (35t) 0.0%

PIPES, > 2" break 60 9.14E-12 B 5.48E-10 645000 27 0 6000 23540 20.90% - 20.90% 20.90% 0 0 0 - limited by boil-up (35t) 0.0%

Flanges leak 12 4.00E-07 B 4.80E-06 1000 1 0 6000 1000 21.00% - 21.00% 21.00% 0 0 0 - 0.0%

Flanges break 12 1.00E-09 B 1.20E-08 645000 23 0 6000 28043 20.92% - 20.92% 20.92% 0 0 0 - 0.0%

VALVE leak 12 1.00E-08 A 1.20E-07 645000 1 0 6000 645000 21.00% - 21.00% 21.00% 0 0 0 - 0.0%

0.0%

Vent Pipes w/ 50% vent 0.0%

PIPES, < 2" leak, small 200 3.05E-10 B 6.10E-08 645000 1 1 3000 645000 20.99% - 20.99% 20.99% 0 0 0 - listed as 1 cfm, actual 0.22 cfm 0.0%

PIPES, < 2" leak, large 200 3.05E-11 B 6.10E-09 645000 11 1 3000 58636 20.92% - 20.92% 20.92% 0 0 0 - limited by boil-up (35t) 0.0%

PIPES, < 2" break 200 9.14E-12 B 1.83E-09 645000 27 1 3000 23540 20.81% - 20.81% 20.81% 0 0 0 - limited by boil-up (35t) 0.0%

PIPES, > 2" leak, small 60 3.05E-10 B 1.83E-08 645000 1 1 3000 645000 20.99% - 20.99% 20.99% 0 0 0 - 0.0%

PIPES, > 2" leak, large 60 3.05E-11 B 1.83E-09 645000 27 1 3000 23540 20.81% - 20.81% 20.81% 0 0 0 - limited by boil-up (35t) 0.0%

PIPES, > 2" break 60 9.14E-12 B 5.48E-10 645000 27 1 3000 23540 20.81% - 20.81% 20.81% 0 0 0 - limited by boil-up (35t) 0.0%

Flanges leak 12 4.00E-07 B 4.80E-06 1000 11 1 3000 91 20.92% - 20.92% 20.92% 0 0 0 - 0.0%

Flanges break 12 1.00E-09 B 1.20E-08 645000 23 1 3000 28043 20.84% - 20.84% 20.84% 0 0 0 - 0 0.0%

VALVE leak 12 1.00E-08 A 1.20E-07 645000 1 1 3000 645000 20.99% - 20.99% 20.99% 0 0 0 - 0.0%

0.0%

Vent Pipes w/  0% vent. 0.0%

PIPES, < 2" leak, small 200 3.05E-10 B 6.10E-08 645000 1 2 0 645000 - 0.00% 0.00% 0.00% 1.0 8.24E-12 0 154.8
exceeds credible time with 0% 
ventilation 0.0%

PIPES, < 2" leak, large 200 3.05E-11 B 6.10E-09 645000 11 2 0 58636 - 0.00% 0.00% 0.00% 1.0 8.24E-13 0 14.1 limited by boil-up (35t) 0.0%

PIPES, < 2" break 200 9.14E-12 B 1.83E-09 645000 27 2 0 23540 - 0.00% 0.00% 0.00% 1.0 2.47E-13 0 5.6 limited by boil-up (35t) 0.0%

PIPES, > 2" leak, small 60 3.05E-10 B 1.83E-08 645000 1 2 0 645000 - 0.00% 0.00% 0.00% 1.0 2.47E-12 0 154.8
exceeds credible time with 0% 
ventilation 0.0%

PIPES, > 2" leak, large 60 3.05E-11 B 1.83E-09 645000 27 2 0 23540 - 0.00% 0.00% 0.00% 1.0 2.47E-13 0 5.6 limited by boil-up (35t) 0.0%

PIPES, > 2" break 60 9.14E-12 B 5.48E-10 645000 27 2 0 23540 - 0.00% 0.00% 0.00% 1.0 7.40E-14 0 5.6 limited by boil-up (35t) 0.0%

Flanges leak 12 4.00E-07 B 4.80E-06 1000 11 2 0 91 - 20.65% 0.00% 20.65% 0 0 0 - 0.0%

Flanges break 12 1.00E-09 B 1.20E-08 645000 23 2 0 28043 - 0.00% 0.00% 0.00% 1.0 1.62E-12 0 6.7 0 0.0%
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TABLE 1: 35 ton Cryostat in PC4 12/5/2012
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VALVE leak 12 1.00E-08 A 1.20E-07 645000 1 2 0 645000 - 0.00% 0.00% 0.00% 1.0 1.62E-11 0 154.8
exceeds credible time with 0% 
ventilation 0.1%

0.0%

Sample Tubing w/ 100% vent. 0.0%

Small Dia. Tubing leak, small 300 3.05E-10 B 9.15E-08 41850 200 0 6000 209 20.30% - 20.30% 20.30% 0 0 0 - 0.0%

Small Dia. Tubing leak, large 300 3.05E-10 B 9.15E-08 41850 200 0 6000 209 20.30% - 20.30% 20.30% 0 0 0 - 0.0%

Small Dia. Tubing break 300 3.05E-10 B 9.15E-08 41850 200 0 6000 209 20.30% - 20.30% 20.30% 0 0 0 - 0.0%

0.0%

Sample Tubing w/ 50% vent 0.0%

Small Dia. Tubing leak, small 300 3.05E-10 B 9.15E-08 41850 200 1 3000 209 19.60% - 19.60% 19.60% 0 0 0 - 0.0%

Small Dia. Tubing leak, large 300 3.05E-10 B 9.15E-08 41850 200 1 3000 209 19.60% - 19.60% 19.60% 0 0 0 - 0.0%

Small Dia. Tubing break 300 3.05E-10 B 9.15E-08 41850 200 1 3000 209 19.60% - 19.60% 19.60% 0 0 0 - 0.0%

0.0%

Sample Tubing w/  0% vent. 0.0%

Small Dia. Tubing leak, small 300 3.05E-10 B 9.15E-08 41850 200 2 0 209 - 0 0.00% 10.48% 0 0 0 0.8 0.0%

Small Dia. Tubing leak, large 300 3.05E-10 B 9.15E-08 41850 200 2 0 209 - 0 0.00% 10.48% 0 0 0 0.8 0.0%

Small Dia. Tubing break 300 3.05E-10 B 9.15E-08 41850 200 2 0 209 - 0 0.00% 10.48% 0 0 0 0.8 0.0%

0.0%

 Yellow hightlight on release rates greater than total ventilation exhaust - for reference

 Yellow hightlight on ODH Class if greater than Class 0

SOURCES
A FESHM Chapter 5064, rev. 06/2012
B Risk Analysis for Process Plant, Pipelines and Transport, 1994.
C Guidelines for Process Equipment Reliability Data, with Data Tables, CCPS, 1989
D

E
F
G

NOTES
1

2
3
4

PC4 Total Fatality Rate: 

Overall ODH Class: 

Piping failure rate data is FESHM 5064 convert to a per ft per hour basis.

2.567E-08

0

Small leak and break risk for 2" to 6" is same as for less 2". 
cryostat relief vents outside
HRA - Human Reliability Assessment

Source C and B are combined to provide a conservative failure rate and reasonable difference between failure risk and leak risk.

Vendor data.
"Consequences of LNG Marine Incidents", Pitblado, et al, CCPS International Conference, 2004.
Calculated from source A and F data.
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APPENDIX - ODH TABLE NOTES
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